Though the most favoured approach to late medieval polyphony in recent years has been to take an individual work as the point of departure for close analysis, an empirical approach that surveys many works is well suited to investigation of such questions, and the potential of this possibly more oldfashioned approach has yet to be exhausted. A repertoire particularly apt for examination is the large corpus of freely composed chansons of Machaut, his mostly anonymous contemporaries, and their immediate musical successors, comprising approximately 400 pieces. 2 In the chanson, counterpoint is generally not constrained by a cantus firmus, so compositional choices are subject to an independently generated series of constraints on the location and behaviour of polyphony within tonal space. (The principal exceptions are the virelais whose tenors are pre-existing tunes.) The chanson is in this respect most strongly to be differentiated from the cantus-firmus motet. The surviving songs demonstrate a systematic and largely consistent view of how chanson polyphony operates, a view which is in important respects the same for Machaut, who may have invented or stabilized many of its features, as for later composers of French secular music at least up to the first two decades of the fifteenth century. 3 There are many observable consequences for the tonal features of chanson melody with the turn to polyphony in the fourteenth century. To begin with, along with the melismatic expansion of the formes fixes there are changes in metre, motivic surface and length that distinguish polyphonic cantus lines from earlier secular monophony. Tonally, earlier songs rarely exceed a ninth and often do not even reach an octave, while cantus melodies in polyphony generally span from an octave to an eleventh. A more striking difference between these bodies of melody is the balance of major mode and minor mode in monophony (roughly equal in troubadour song; strongly tilted towards major modes in Adam de la Halle and Machaut) , and the predominance of minor modes in chanson cantus lines. Even more distinctively, authentic melodies predominate in the monophonic repertoires, comprising, for example, just about three quarters of the melodies of troubadour song and about the same fraction of the melodies associated with the songs of Adam de la Halle, while cantus lines of polyphonic (1981) , 428-70. An important new study that takes a preliminary form of the present article as one of its points of departure is Y. M. Plumley, The Grammar of Fourteenth-Century Melody: Tonal Categories, Pitch Functions, and Melodic Structures in the Polyphonic Chansons of Machaut and his Successors (New York, 1996). chansons are overwhelmingly plagal (over 90 per cent). The shift in balance from major authentic melodies to minor plagal melodies is precisely reflected in the difference between Machaut's monophony and his polyphony.
Composers also needed to set paradigms for the placement of melody in a multi-voice matrix. One solution was to use a given song as a tenor (either in a motet or in a polyphonic virelai) or place it intact in an inner voice. About twenty extant settings (by Adam de la Halle, Jean Lescurel or anonymous) from the late thirteenth and early fourteenth centuries create a conductus-like, homophonic texture in three voices with the melody in the middle or bottom voice. In the later paradigm that we attribute to Machaut, which came to dominate chanson composition, chansons are conceived as a pair of freely composed voices, a higher-lying cantus and a lower-lying tenor, that together form a coherent and self-sufficient duet. This duet can be reduced to a noteagainst-note consonant counterpoint that (at least conceptually) underlies the more rhythmically and motivically animated surface. When present, additional voices -a triplum in the cantus register or a contratenor in tenor register -are inessential harmonically to the basic structural duet, even if it appears that the piece was conceived from the start for three or four voices.
In this structural duet the cantus line had conceptual priority over the tenor, so the composer worked 'from the top down' in making important choices about tonal behaviour. 4 This becomes clear when one begins to assess and categorize tonal behaviour on a large scale. We cannot yet grant modal primacy to the tenor, or give analytical priority to the lowest note of the final sonority if it is different from the cantus or tenor. Such an observation runs contrary to ingrained habits of thought regarding the significance of the bass line, pulls us away from Renaissance theory, and is at odds with the analytical premises and statistical procedures of a number of relevant preceding studies of the chanson, but it is a necessary point of departure in the discussion of this music. 5 Cantus priority can be demonstrated by a technical but telling detail of tonal behaviour: in polyphony the medial and final cadential goals prove to be more consistent and stable goals in the cantus than in the tenor. There is, moreover, historical evidence for the claim, including the continued composition of monophonic melodies (Machaut virelais, for instance) and the small number of cantus melodies that exist both with and without a tenor, i.e., in both monophonic and polyphonic versions. Details of melodic-contrapuntal behaviour approaching 4 Implicit in this broad generalization is my acceptance of the notion that composition of chansons as cantus-tenor duets was normally a simultaneous, not a successive process. I accept that in this process, as a composer spins out the voices, there might be some give and take between priorities that would occasionally favour the tenor. (For an attack on the overly simplistic, paradigmatic assumption of successive composition in the Middle Ages, see D. Leech-Wilkinson, 'Machaut's Rose, Lis and the Problem of Early Music Analysis ', Music Analysis, 3 (1984) , 9-11.) 5 See, for instance, R. Hoppin, 'Tonal Organization in Music Before the Renaissance', Paul Pisk.
Essays in His Honor (Austin, TX, 1966) , 25-37; W. Marggraf, 'Tonalitat und Harmonik in der franzosischen Chanson zwischen Machaut und Dufay', Archiv fUr Musikwissenschaft, 23 (1966), 11-31; and Hirshberg, 'Hexachordal and Modal Structures'. cadences, as well as the generally greater musical coherence of the cantus part, also convince us musically of its precedence. 6 The final cadence is the single most important tonal feature of the cantustenor chanson. Three choices open to the composer for support of the last cantus pitch were to put the tenor at the unison, at the fifth below or at the octave below. All three of these possibilities are found in the extant French repertoire, but they are not evenly or randomly distributed. Final cadences at the unison or with the tenor at the 'underfifth' are associated only with the small number of authentic cantus melodies. (See Table 1 .) The paradigmatic norm for about 90 per cent of our chansons is a final cadence to the octave, particularly (but not always, and especially not at first) through the stepwise expansion of a sixth to an octave. 7 By contrast, in the corresponding Italian trecento song repertoires, the preferred cadence type was a contraction from a third to a unison (prior to the adoption of the 'Landini cadence'). There may be some initial discomfort with the thought that a piece cadencing to cantus G over tenor C needs to be reckoned 'on G', not 'on C', but in these instances it is the cantus final with which other features of tonal behaviour correlate. 8 There are also pieces where the cantus and tenor form a final cadence at the unison with contratenor a fifth below. Again, tonally, they are to be reckoned according to the cantus final. 9 When the cantus lies around its final (hence is 'plagal') and the tenor makes cadences at the octave beneath, as a result of typical contrapuntal motion the tenor will lie mainly above its final (hence is 'authentic') and the two voices will lie in ranges roughly a fifth apart, with the average width of counterpoint between a fifth and an octave. Each of the two essential voices is 6 An argument for the 'compositional precedence of the cantus over the tenor part' and cautionary words about 'our traditional understanding of the tenor as the "structural" voice in medieval -G, a-g, aa-gg) to indicate specific pitches in four specific registers (subgrave, grave, acute, superacute). Capital letters in roman will be used to refer to pitch-classes when specific registers are not critical to the discussion at hand.
9 Two chansons with g final at the unison in the cantus-tenor pair, Machaut's ballade Je suis aussi com cilz (B20) and Galiot's ballade Le sault perilleux (FSC B29), are supported by the contratenor at the underfifth on C. One anonymous ballade, fay grant desespoir (FSC B 150), has an octave cadence to g-G over contratenor C. These are all certainly to be thought of as 'in G. Likewise, Bartolino da Padua's madrigal with French text, La douce cere (FSC 11), which ends with cantus and tenor on e over contratenor a, is 'in E'. Compare the position of Hirshberg, who is also sensitive to the problematic status of the tenor final as significant pitch: 'Consideration of the finalis [e.g., tenor final] by itself, as the factor that determines and represents the "tonality" of a given composition, is insufficient. For example, the fact that the piece under consideration ends on C or on F does not automatically qualify it as being "in C" or "in F" , (Hirshberg, 'Hexachordal and Modal Structures', 26) . Hirschberg regards the Machaut ballade Se je me pieing (BlS) with cantus final on G supported by tenor on C as 'weakly in C ('Hexachordal and Modal Structures', 36) ; in my way of thinking it is unequivocally 'in G. usually an octave or ninth in ambitus, so that the pair together span an overall compass of a twelfth or a note or two more.lO In moving beyond final cadences to the initial sonority, internal section boundaries and interior cadences of individual melodic phrases (especially the first phrase of the piece), the vocabulary of pitches and harmonic intervals is an interesting stylistic marker for issues of chronology and personal style. The most consistent patterns emerge at medial cadences. These are the ouvertldos pair in ballades and virelais (the dos in ballades and virelais is normally on the final), the pre-refrain cadence in ballades, and the medial cadence in rondeaux. These cadences represent tonal goals towards which melodies are conventionally directed, much as we understand the harmonic and melodic language of the first section of a High Baroque or Classical binary dance movement to be directed ultimately to the dominant. As clearly and unambiguously as with the finals, we find that the cantus pitch is the stable tonal goal, subject to more diverse harmonic support. To test this one can take all the ballades of a given final or tonal type (for which, see the Appendix) and determine the ouvert pitches used in cantus and tenor, and then take each pitch in turn as a constant and sample the pitches set against it. For instance, the cantus pitch-class A at the ouvert may be found supported by A, D, F, F~, C or C~ in the tenor. The smaller set of cantus goals and the greater variety of tenor pitches will rapidly become clear.
With the passage of time, medial and final goals in the cantus come to be supported more and more frequently at the octave beneath. This phenomenon, along with, for instance, the increased appearance of the final as the initial Sonority or the goal of the first melodic phrase, is part of a growing role for the final, what we might even call the growing tonicity of the final, which is a significant feature of the changing tonal behaviour of the chanson over the course of the later fourteenth and fifteenth centuries.
Tonal space
The fourteenth-century French chanson was the product of a notationally literate musical culture; the encoding of a song in notation represented not just the opportunity to preserve and transmit it, but also to be conventional or unconven-tional in respect to aspects of music that were only apparent to those who read the notes. Where to place the song in tonal space was one such opportunity, for which the possibilities were vastly expanded in the fourteenth century. The medieval conception of tonal space was not of an infinite extension in which notated space was a small part, but rather of a discrete and bounded set of locations (locus, pI. loci, the lines and spaces of the notated gamut) in a schematic realm of notation on to which music, once imagined, was mapped. Any given piece of music would occupy only a portion of this realm. In late tenth-and early eleventh-century theory, notated tonal space spanned two contiguous registers identified by letter names, the grave (A-G) and the acute (a-g), with an extension one step below to Gammaut (GG) and a step above to superacute aa for a compass of sixteen loci. ll Upward extension of the superacute register to dd shortly brought the total to nineteen. Moving significantly forward chronologically to the Berkeley theory compilation of c. 1375, a specific witness conveniently close in time and place to our chanson repertoire, tonal space is there extended in the superacute register to ee and FF is added below Gammaut for a compass of twenty-one loci. The implicit total is twenty-three if certain additional hexachords mentioned in the treatise are taken into account -a hexachord built on aa for which la is the next location above ee, thus acknowledging if not naming tt, and a hexachord beginning below FF that must be started on EEb. 12 Turning from theory to practice, it is well known that certain chanson composers were daring in their notational exploitation of the extreme low register of the gamut towards the end of the fourteenth century. In tenors of the chanson repertoire DO, EEb and EE are rare, FF is not uncommon, and GG (Gammaut) is unremarkable; in cantus lines, dd and ee are common, while ff is rare but not unknown, for a compass of twenty-four steps. 13 The pitch gg is found in a few isolated instances in other fourteenth-century repertoires, extending the gamut to twenty-five locations, and a twenty-sixth, CC, makes its singular appearance in an adventuresome opus dubium of Ciconia, the ballata Deduto sey.14 Some chanson composers were equally bold in their use of pitch-classes within the gamut. Although most chansons stay within a seven-note diatonic collection (A BCD E F G) with the additional use of Bb, Eb, F~ and C~, taking into account the more unusual pieces the total collection of pitchclasses used in the repertoire runs from Gb to D~, a span of sixteen pitch-classes around the cycle of fifths. One is a textless later addition to the Ivrea codex edited as a rondeau by Greene (RPMFC22:79) with cantus final on acute e harmonized at the underfifth by a. Given the proportions of the prima and secunda pars (thirteen bars to six bars) it may be a rondeau with three-line refrain or perhaps a virelai; if the latter, then the medial cadence on octave aa over a is in fact the final cadence. In any event the piece is odd tonally: the voices have narrow ranges with no overlap and the tenor is pia gal. Another song edited by Greene as ending on E, the ronde au Faus
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Ex. 2 Sets of the most common cantus finals
There is an interesting historical perspective to this set of finals. The seven common finals of earlier monophonic chansons such as those by Adam de la Halle and Jehanot de Lescurel -and employed by Machaut himself in his monophonic output -are C, V, F, G, a, c, d; these are centred in the grave register (Ex. 2a).lB Ordered as a series of fifths, the monophonic finals comprise the series F C G D A, a step sharpwards in the cycle of fifths from the polyphonic finals and typically notated a fourth lower. In the third and fourth decades of the fifteenth century, in the generation after Johannes Ciconia and Matteo da Perugia, there is a shift upwards from the fourteenth-century polyphonic collection of potential cantus finals to a collection between c and dd that regularly exploits the superacute register (Ex. 2d). This new set is centred a fifth above the later fourteenth-century finals and a full octave above the monophonic ones. The process of rising cantus finals can be traced through representative song repertoires such as the Cypriot-French collection (Ex. 2c), the chansons of Dufay, Binchois and the Mellon chansonnier. Moreover, in the fifteenth century, composers add locations on e and aa to the set of polyphonic cantus finals. These are rare in Dufay and Binchois, becoming more frequent in the songs (and Masses and motets) of the generation of Ockeghem and Busnois. 19 
Systems and signatures
The individual finals can be further distinguished according to the various different background signature-systems with which they are encountered. For semblaunt (RPMFC22:35), I take instead to be an F piece, prefering to solve a source conflict by amending cantus final e to f rather than tenor final F to E. Again the piece is tonally odd: there is little overlap of voices, the tenor is plagal and there are unusual cadence types. Finally, Greene edits the textless rondeau ray mis ce rondelet (FSC R252 = RPMFC22:42) in three voices with a final cadence on cantus aa over the tenor a twelfth below on D. I incline to Apel's edition in four voices and read the final of the second cantus on d as tonally defining.
The first six (all but E) are used in conjunction with the scala b mol/is (the cantus mol/is system), and the latter six (all but Bb) are used in the scala h duralis (the cantus durus system). (See Ex. 2d.) The scala ficta (cantus fictus system) with signature Eb (and finals on Bb F C G D) becomes more and more rare after the generation of Josquin. See H. Powers, 'Mode', New Grove Dictionary of Music and Musicians (1980), vol. 12, 395-6; Powers, 'Tonal Types', 438; and M. Bent, 'Diatonic Ficta', Early Music History, 4 (1984) , 11-12. Many interesting questions can be framed about the evolution of choices of system and final across the time-span 1350-1550; the disappearance and re-emergence of signature sharps present a classic example. In the fourteenth and very early Three-flat Two-flat One-flat Natural One-sharp Two-sharp
The six signature-systems (shown at only one pitch level) each polyphonic cantus final at each of its one or more locations in the gamut we find one or more consistent patterns of signature flats or sharps in cantus and tenor. (I refer to only cantus and tenor; triplum and contratenor may have the same or different signatures -usually plus or minus a flat.) Signatures are location-specific, in that they indicate only a local change, a change of a single pitch in the 'white-note' gamut of the staff; they do not signal a global change of pitch-class in all registers in the modern sense. Each final is associated with various signatures in such a way that it is possible to reduce the multiplicity of signature/final combinations to just six signature patterns, each spanning a range of the gamut at one or two pitch levels. (See Ex. 3.) These are the patterns of six background signature-systems among which composers chose, and within which they worked, in the composing and notating of late medieval French chansons. 2o As a shorthand means of identifying these systems, I shall refer to them as the three-flat, two-flat, one-flat, natural, one-sharp and two-sharp systems. As with the finals, some of the signature-systems are quite common, while others are represented by a single extant piece. Mapped against these signature-systems, the signatures of cantus and tenor are often conflicting, and if so, usually the upper voice has one flat less or one sharp more than the lower voice. Let us take the one-flat system as an example of how the system is expressed fifteenth centuries, composers of chansons were more adventurous about the use of systems and types, while less adventurous about the choice of finals, than in the later fifteenth century. 20 In contrast to Hirshberg (Hirshberg, 'Hexachordal and Modal Structures', 21, (39) (40) , I do not agree that the gamuts secundum artem and secundum usum of the Berkeley theory treatise (starting on FF and GG, respectively) are sufficient to encompass the tonal phenomena in Machaut's chansons both conceptually and practically. However, the compiler/author of that treatise must certainly have been attempting to come to grips with the use of lower registers and flatward tonal types through his mention of the gamut secundem artem (Ellsworth, 
Bitonality and pentatonicism
All background signature-systems are fundamentally equivalent in terms of their abstract intervallic collection. In essence this collection defines a single tonal system unrooted to the gamut; it is particularized or projected on to a portion of the gamut through signature notation at a variety of locations. (The content of a pentatonic scale, major scale or soft-natural-hard three-hexachord system can similarly be conceptualized without necessarily having to be localized on the gamut.) One moves sharpwards from the most flatward signature-system simply by transposing all interval relationships at the fifth, with octave transpositions as necessary to keep within the customary limits of notated musical space. As a first approximation we might characterize this background tonal system as diatonic, equating it with the gamut; as a second approximation we Signature-system pentatonic systems two-fiat
Ex. 5 The signature-systems as pentatonic systems need to acknowledge the discrepancy in registers -a lack of complete octave equivalence -that appears as conflicting signatures for some finals of a system. As a third approximation, we need to take into account a further phenomenon, namely that in the higher and lower registers of songs in each system we typically find fluctuations or oscillations between the flat and natural, or natural and sharp, forms of certain notes lying a fifth apart and not necessarily immediately affected by the notated signatures. Thus in the two-flat system, for example, Ab may appear instead of or along with A in the grave register in the course of a piece, and eb may similarly be used as well as e in the acute register.
This fluctuation has long been observed in the musicological literature; such a difference in tonal content and behaviour between different registers, and thus often between cantus and tenor parts, is 'bitonality' in Willi Apel's sense. 21 One might be inclined to ascribe it to the exigencies of melody and counterpoint in each individual piece, but its omnipresence suggests rather that it is a more universal property. For a given signature-system the unstable pitches are the same regardless of final, and they transpose with system transposition. Thus we may say that this variability is intrinsic to the underlying tonal system within which composers work. The choices that are made in any specific chanson depend on the choice of final (naturally enough, because of where the fluctuating pitches occur in relation to the final in any given signature-system), and on an individual composer's handling of melody and counterpoint.
Intrinsic variability in notes a fifth apart suggests that the tonal system was being approached by composers as a pentatonically inflected collection with fluctuations in its two gaps of a minor third, which lie a fifth apart. For a given system, one might emphasize one or another of two adjacent pentatonic collections, or both. For instance, in the one-flat system Bb C D F G could be emphasized in the lower register and C D F G A in the higher, or one of these could be emphasized throughout the entire notated range. (See Ex. 5.) This involves the play between different resolutions of tritones or diminished fifths (and related octaves), with composers making different choices about how to fill the gaps in different registers and at different points in a piece. In the one-flat system, for example, these unstable intervals would involve E and Eb, band bb. Some composers using the one-flat system clearly avoid the Eb to bb fifth in favour of E to b, and some choose to go the other way. In the natural system some pieces may have a great deal of bb, others J#.
Relying on certain late medieval theoretical notions and their recent modern expositions, the tonal system as we have characterized it can also be conceptualized as two overlapping three-hexachord systems a fifth apart, the more flatward of the two being in the lower register as a rule. In this hexachordal model, signatures indicate the three-hexachord system on F, C and G (for the natural system) or its transposition one or more steps flatwards or sharpwards on the cycle of fifths.22 This familiar model is a relatively accurate way to approximate the pitch content and behaviour of one of these pentatonic systems, but we must not mistake it for the tonal system itself. Composers and singers navigated the system by means of hexachords, and their familiarity with hexachords could have influenced their tonal emphases; but the hexachord system is not to be equated with the tonal system.
Using the hexachordal system as a model nevertheless, one can say that the usual tendency is for composers to write so that cantus and tenor stay in the pair of overlapping hexachords common to both hexachord systems, with alternative recta choices between non-adjacent hexachords corresponding to points of tonal fluctuation. Taking the two-flat system for demonstration purposes, both voices would stay mainly in the Bb and F hexachords. The bifurcation of hexachordal pathways would fall around acute-register c; here and above the choice would be between bb and c hexachords (with eb and e as recta alternatives); in the lower register the choice would be between Eb and F hexachords (with Ab and A as recta alternatives). A schematic summary of the systems of hexachords for each tonal system, with an indication of the corresponding musica recta (and ficta) choices for each, is given in Example 6 (overleaf).
A tonality is a particular way of negotiating this background tonal system; it is a particular hierarchy of tonal functions impressed on the neutral raw material of the system by a composer in a given chanson. Tonality is defined melodically and harmonically by which pitches are stable or unstable, stronger or weaker, a fifth apart, or a kind of 'bimodality'. See W. Ape!, 'The Partial Signatures in the Sources Up to 1450', Acta musicologica, 10 (1938) , 5, 9-10, and 'A Postscript', Acta musicologica, 11 (1939) Society, 7 (1954), 182-3, 193--4, 198-9 Signature-system Overlapping hexachord systems recta ftcta
The signature-systems as hexachord systems more or less important. Rather than pursue here how one measures these qualities, it will be enough to say that it is not a cut and dried matter. Tonality is a flexible property of music and ranges along a continuum from un-defined to well-defined. It is possible to imagine a piece meandering through the tonal system without leaving any strong sense of hierarchy (as in many first-species counterpoint exercises), and it is certainly possible that a piece may explore more than one tonality. Depending on the degree of similarity we insist upon between chansons in order to assign them to the same tonality, we could end up including all chansons in a single tonality (i.e., the background tonal system), or assigning a different, unique tonality to each. Clearly, if the term 'tonality' is not to merely be synonymous with 'individual tonal behaviour', a middle ground needs to be sought that draws the line after a certain number of criteria and says, congruences here between chansons mean that they share a tonality; to this degree they are alike.
Tonal types
To proceed any further with the issue of tonality we must begin to sort and separate, grouping as many chansons of similar tonal behaviour together as possible. We now have the basic concepts in place to do so, following the general approach of Harold Powers and Cristle Collins Judd. 23 Powers sorted later sixteenth-century classical vocal polyphony into 'tonal types', which are to his way of thinking the relatively numerous, consistent and distinguishable tonalities of later sixteenth-century polyphony; these types are minimally indicated by three features: key signature, final sonority and cleffing. For a slightly earlier repertoire, the motets of Josquin, Judd used hexachordal position and pitch of the (tenor) final, registral conventions, and melodic characteristics and contrapuntal procedures to distinguish what she called 'modal types'. Judd's many modal types are not tonalities in her way of thinking, but are distinct expressions of one of just three basic tonalities. I like the term 'tonal type', and rather than coin something new I will turn it to my purpose here, defining the tonal type of an individual chanson by minimal markers similar to those of Powers -the pitch-class of the cantus final, its register in the gamut and the operative signature-system. A list of the chansons sorted by this means into tonal types is given in the Appendix. 24 Owing to strongly prevalent and distinguishable norms of behaviour, the process of classification of chansons into tonal types groups together many quite similar works. But these tonal types cannot be immediately equated to 'tonalities' without qualification, as they also incorporate exceptional pieces that do not conform to the majority in important respects. And we need to ask if they might collapse into a fewer number of tonalities identified with a class of types (a term to be introduced below) whose members differ (at least minimally) only by transposition. It is also interesting to ask if there might be one or two more markers that we could use to categorize the tonal types that would help make even more homogeneous categories.
The quickest route to identifying exceptional pieces within the types is to explore the tensions inherent in our choice of markers. For instance, the final is not always a consistent marker, since pieces with differing finals may otherwise have basically the same tonal language. To see how, it must be remembered that we expect a correspondence between the dos cadence and the final in ballades and virelais. There may even be more extensive musical rhyme, especially in the ballade, but commonly also in the virelai (and sometimes in the ronde au) between the end of the prima pars at the medial cadence as ouvert and the end of the secunda pars as dos. Where there is lack of musical rhyme, or anomalies in musical rhyme due to apparent truncation or the grafting on of material from another chanson, then there may be a discrepancy between the final implied by most tonal factors and the actual goal. Such pieces are listed in Table 2 . A good instance is FSC V217, Pour vous reveoir. This chanson is closely related to FSC V225, Soit tart tempre, in notation, style and general tonal behaviour. The former takes the opening and closing phrases of the latter and switches them so that the first interior cadence of V225 becomes the final cadence of V217. Thus the categorization into different tonal types by final here " It should be acknowledged that there are, inevitably, disagreements among sources (and among editors) over signatures, but these are relatively few in number. To resolve them, I have not examined the sources of every chanson, relying instead on the published incipits, editions and critical reports in the Apel and Greene volumes along with the form of the incipits reported in RISM to make my decisions, which I will not individually review here. (To give a single example, Greene edits the virelai Le grallt biaute (FSC V205 = VPMFC21 : 41) on two-flat c while I follow previous editors Willi Apel and Nigel Wilkins in interpreting it as in the one-flat system.) In my opinion, some pieces (I am thinking of Calextolle, Le mOllt AOIl and Fumeux fume) lack a signature because of an unusual proliferation of accidentals, which are then separately flagged, and here I do normalize (for instance, taking Fumellx fume as in the one-flat system). Signatures in Machaut's chansons need closer examination than I could give them without full recourse to all the sources, so I have mainly followed the Schrade edition, which is conservative about interpreting source flats as signatures; hence, some songs (on F, bb and c) might be placed a step too sharp in my categorization. oversorts by separating similar pieces. In other cases, anomalous finals help us to stretch our sense of the 'grammatically' possible. Grafts are responsible, for instance, for the one two-flat d piece and one of the two superacute dd pieces. To understand why the register of the final is also not always a consistent marker, it is sufficient to recall that the categorization undersorts for the distinction between authentic and pia gal cantus melodies, which brings with it other marked distinctions in tonal behaviour and counterpoint, as has been noted. Neither is it sensitive to the fact that there are unusual pieces that cadence to the top of their range. And it is blind to the transposition level of the system, which is particularly important to G and g finals, as seen above and in Example 4.
Since it may change in the course of a piece, the signature is not always a consistent marker either. The vast preponderance of chansons stay in the same tonal type from beginning to end, but a few do not, and those that modulate, as it were, do so by shifting signature-system. The change of system is always flatwards, and usually in the secunda pars -sometimes just after the c/os cadence, sometimes including it, and sometimes incorporating more of the musical rhyme. This shift is an exaggeration of the usual temporary area of contrasting tonal behaviour at the beginning of the secunda pars of ballades and in the couplets of virelais, a feature of monophonic as well as polyphonic melodies that is prominent, for example, at the beginning of the B section of Table 3 .) The most extreme of these is the Solage ballade S'aincy estoit (FSC BlOO), which begins in the one-sharp system and only at the clos and final cadences turns to the two-flat system with final on reo Thus the classification as two-flat C is a complete misfit with tonal behaviour. Machaut's four two-flat C pieces all shift from an opening phrase in natural-system C to subsequent language in two-flat C; this anomalous behaviour has its own internal consistency. 25 Turning to a different issue, what can be read out of the numbers generated by our classification of chansons in tonal types, as tallied at the end of the Appendix? To begin with, the number of songs in the natural, one-flat and two-flat systems is of the same order of magnitude with a steady flatwards drop-off while more exotic systems are represented here by a single instance apiece. 26 In each system by far the most frequently encountered tonal types are a 'major-minor' pair lying adjacent to each other in the gamut, with minors outnumbering majors: Bb and C in the two-flat, F and G in the one-flat, C and D in the natural, and G in the one-sharp system. I shall call this the alpha pair;
in hexachordal terminology the voces of the finals in this pair are ut and re, respectively, in the natural hexachord, or fa and sol in the hard hexachord. (To avoid any potential ambiguity, the vox of the finals will be cited hereafter from the more flatward hexachord: here, ut and re.) Strikingly less numerous in each system are tonal types of the 'major-minor' pair lying a fifth away: F and G in the two-flat, C and D in the one-flat, G in the natural, and D in the one-sharp system; here, majors outnumber minors. I shall call this the beta pair; their voces are sol and la, respectively, in the natural hexachord (or ut and re in the hard hexachord). I will use the expression 'a class of types' to indicate a group of types that have a similar function or position in each of the tonal systems. Thus, the alpha-majors and beta-majors form two distinct classes of type, as do alpha-minors and beta-minors.
A gamma-minor class is represented only by the tonal type on dd in the two-flat system, with vox mi in the natural hexachord (or la in the hard hexachord); there is, in fact, only one piece of this unusual type in the repertoire -just enough to demonstrate that it is, as it were, 'grammatically' possible, though not part of the common language. This is the anonymous ballade Ma dame m'a congie (FSC B163). A gamma-major class (with vox fa) includes in addition to the Although the number of potential types is large, a fairly strict and systematic bound was evidently imposed on them in practice. This was exercised through a restriction on the use of the finals, which were not equally employed in each system. In the one-and two-flat systems composers used all five, but the general picture is that with every transposition sharpwards or flatwards a final was lost and no new finals were gained. Hence the original set of five polyphonic cantus finals identified above (Bb F C G D) represents both the finals of the one-and two-flat systems and a conflation of the finals used in all systems. By comparison, the most common monophonic finals can be interpreted as the sum of two series, namely F C G D A for the one-flat system and C G D A E for the natural system (with A and E making only an occasional appearance); the set of later fifteenth-century chanson finals can be interpreted as conflating three series, namely Bb F C G D for the two-flat, F C G D A for the one-flat, and C G D A E for the natural system; sixteenth-century compositions used finals from one of two six-note series. Unlike the fourteenth-century polyphonic chanson finals, the sets of finals in these earlier and later repertoires appear to transpose without any change in the number of available finals through addition or subtraction as one proceeds sharpwards or flatwards.
Returning to an issue already broached above: if we grant the composer full fluency in writing grammatical two-voice counterpoint, then we can ask not only in what register of the gamut he chooses to notate his counterpoint, and with what signature-system and final, but also whether there are strong conventions governing where he begins it in respect to the final (since chansons are not, as a rule, tonally closed), on what pitches he chooses to inflect it with cadences and closing phrases, and on what pitches subsequent phrases begin. In other words, how is that contrapuntal duet shaped and guided over relatively long internal spans? Do pitches have varying probabilities of being initial or final pitches, melodic goals or boundary tones? And if so, are these tonal properties linked to all the types in a given signature-system, to all the types in a given class, to individual types, or perhaps to individual finals regardless of type?
Secondary cadential goals
The most interesting and consistent correlations so far discovered involve the set of sectional cadential goals in the cantus -the medial goals -which prove to be the next most consistent and predictable tonal feature of chansons after the cantus finals themselves. The medial goals associated with any given cantus final, summed over all tonal types, are a rather unrevealing mixture of the fifth, sixth and seventh scale degrees below the final and the second, third and fifth scale degrees above it. 27 However, adding up the goals of the different tonal types within an individual signature-system produces a more interesting result. It becomes clear that the most frequently encountered medial goals for the individual tonal types of a given system overlap and can be thought of, therefore, as a fixed tonal attribute of the signature-system in question, independent of the type. Furthermore, the relative position of the medial goals transposes from one signature-system to the next; hence they can be added to the attributes of the abstract tonal system shared by all. Unlike the cantus finals, the conventional medial tonal goals are not a closed and decreasing set; with transposition the same number is always available, and always in the same relationship to the set of cantus finals.
What are these goals? In any system there are principally three, e.g., G, D and A in the two-flat system; D, A and E in the one-flat system; A, E and B for the natural system, and so on. Typically, these goals are solmized as mi. Spelled in this order, the latter two of each group of three are the most common. A and E, while never used as finals, serve so frequently as secondary tonal goals that they have an almost universal 'half-cadential' function over the normal range of notated music. (See Ex. 7.) For most tonal types the medial goals most often employed are the pair lying closest to the final above and below. For alpha-majors, the pair is scale degrees Ex. 7 Cantus finals and conventional medial goals 7 below and 3 above, for beta-majors 6 and 2; for alpha-minors 6 and 2, and for beta-minors 5 and 2.28 It is important to recognize that the pair is the key unit; some pieces may use one or the other member of the pair exclusively, or mix them in some order, but surveyed over a large number of pieces, consistency in the shared function of the pair emerges as a key observation. In three out of these four classes of type, the pair lie a fourth apart; for beta-minors, the pair lie a fifth apart. Alpha-majors and alpha-minors share both goals of their pair, while beta-majors and beta-minors share their lower goal but differ in their upper goal. Thus, ideally, two 'major' types with the same final (for example, natural-system c and one-flat c) would be immediately distinguishable both by signature and medial goals, and two 'minor' types (for example, one-flat g and two-flat g) would be similarly distinguishable if one used 6 and the other used 5.
Egidius de Murino is the only medieval authority known to me who alludes to these medial goals. In a brief discussion of the form of chansons that falls at the end of a treatise mainly devoted to the motet, he states that when a ronde au has a final on ut, its medial cadence ought to be a tenth above the tenor final -that is, a third above the cantus final (corresponding to the description for alpha-major types), and when the ronde au has a final on la, its medial cadence ought to be a fifth above the tenor final or a fourth below the cantus final (corresponding to the description for beta-minor types).29 These two cadential goals may have been singled out by the author because they are the major exceptions to a simpler rule of thumb that finds the medial goals on 2 or 6, either a step above or a third below the cantus final.
The preceding generalizations about secondary goals are a broadly summative description of the empirical data, but a number of distinctions, exceptions and trends bear noting. One clear trend is for the flatter medial goals to be favoured over the sharper in the alpha-major class (i.e., :3 over 7): Bb chansons in the two-flat system favour D over A; C pieces in the natural system favour E over B; the one-sharp piece on G favours B over F#. The exception here is one-flat f, in which e (7) is more prominently employed. Put into active terms, composers who wrote alpha-major melodies with prominent medial goals on 7 tended to notate them on f. There are other such differences among individual types of a given class. Within the alpha-minors, natural-system d ballades show a preference for the 'unconventional' c# (7) over the 'conventional' b (6, which never occurs), while the transposed types are more 'normal': one-flat G shows a preference for E (6) or A (2) but not F# and two-flat c uses a (6) or d (2) but not b. Again in active terms, composers often wrote alpha-minor ballades with prominent medial goals on 7 and tended to notate them on d. These distinctions observed between nominal transpositions provide at least one initial answer to the question, why have transpositions? Certain other tendencies are also tied to the fixed form, in particular a strong leaning to scale degree 2 in rondeaux or virelais (e.g., the preference for E rather than C# or B in natural-system D). The two most unusual medial cadential goals, deliberately at odds with any system or convention, are the grave-register Bb a fifth below the cantus final F (with vox fa, harmonized at the underfifth on EEb) that is reached at the medial cadence of Solage's rondeau Fumeux fume (FSC 103) , and the pre-refrain octave cadence in the Rodericus's ballade Angelorum psalat on aab (again with vox fa), which lies a major second below the cantus final.
The single most significant exception to our strongly normative picture of medial goals is found among alpha-majors. Data on these is presented in Example 8, together with comparative data for acute c in the one-and two-flat systems. The least consistency is found in those notated in natural-system c, where fewer than half use 7' and 3. Some use 6 and 2, while others mix (i.e., 7 and 2, 2 and 3). As with alpha-minors above, we see more consistency (i.e., adherence to a norm or obedience to convention) in the 'transposed' types of this class (one-sharp G, one-flat F and two-flat Bb) than in the natural system. This raises the question whether secondary goals on 6 and 2. or 7 and 3 may in fact serve as markers for further tonal differences? I would argue that they do, and that the difference is between those with a C D F G A pentatonic framework and a strong role for F on the one hand, and those with a C D E G A underpinning and a stronger role for E. 30 At the same time, the framework ' <I The use of 3 in alpha-major shows up earlier in monophonic trouvere chansons at ouvert cadences and continues to be prevalent in the fifteenth-century rondeau at the medial cadence; these and other repertoires (e.g., later medieval Latin songs) require further investigation for the light they may shed on 2 and :3 as secondary cadence tones in 'major', especially for plagal melodies. C D F G A, representing the flatward side of natural-system c, is also shared with one-flat c, suggesting that some, at least, of the natural-system c pieces using 6 and 2. may have the tonal behaviour of one-flat c pieces without being notated in that signature-system. 31 If so, that would dramatically reduce the number of 'pure' alpha-majors in the untransposed system. In any case, our markers for sorting types have not been as effective in natural-system c as elsewhere in creating a relatively homogeneous category.
The issue of natural-system alpha-majors is made more complex because of the location of acute register c relative to the more unstable tones in its signature-system, acute bb and e, its ' 7 and 3. It is striking that c is the final of choice for so large a number of pieces with changeable tonal behaviour. This phenomenon can be seen in Machaut's four two-flat c chansons (B18, B31, B41, RIO), which are among his most beautiful and expressive compositions, and in the FSC repertoire (e.g., FSC B22, B98, BIOO, B296, R298, R299). The instability or transformability of C tonalities continues to be found into the fifteenth century, especially in the music of Dufay, on whose adoption of 'Terzfreiheit' in this key Besseler specifically remarked. 32 This is a conscious choice by composers, which perhaps allows the 'major-minor' contrast to be notated with the least recourse to exotic hexachords and tonal systems. Although the less common pieces of the same class of type with F and Bb finals are likewise susceptible to 'major-minor' mutability, they seldom demonstrate it. One also sees it, though rarely, in natural-system or one-flat G types. 33 Further work will be needed in the form of more detailed studies of individual chansons to clarify these tonal behaviours and possible distinctions.
Modal classification
Almost forty years ago David G. Hughes put together much of the evidence concerning the principal locations of cadence tones. He recognized that, as he 31 Of all those chansons in the one-flat system, just one rondeau on c, the anonymous (Galiot?) Se vos me voles (FSC R277), has medial e; this piece has a cantus signature flat in the Chantilly manuscript but acute bb should (or could) be raised to natural on every appearance. Of those in the two-flat system, just three ballades on c have e, all at the pre-refrain cadence (FSC B21, B123, BI71 
Ex. 8 Selected internal section cadences 3 vols. in 4, ed. A. Hughes and M. Bent, (n.p., 1969-73) , no. 76) is a dramatic example if its notational code has been correctly cracked. It behaves like an F piece in the one-flat system, temporarily shifts into the four-flat system (presumably as a beta-minor type), then moves back into the one-flat system, but ultimately turns flatwards again in the last three bars, cadencing to four-flat C (a tonal type of the rare gamma-minor class).
Ex. 8 cont.
ElF + E PMFC22:84
Beta-major and alpha-minor types on
C one-flat C Ballade Virelai Rondeau Machaut B2 D/C + D R9 A/C B22 G/C + D B27 D/C + D Ex. 8 cant. FSC B27 D/C + D B39 D/C + D B72 A/C + D/C B73 D/C + D B129 D/C + G *BI53A/G + G Bl57 D/C + D B178 A/C + D B300 D/C + A two-flat C Ballade Machaut B18 D/C + D B31 D/C + D B41 D/C + D FSC B21 D/C + E B22 D/C + D B28 A/C + D B36 D/C + A B50 A/C + A B78 A/C + D B90 A/C + A B94 D/C + D B95 D/C + D BlOO B/C + B B104 D/C + A/C B112 D/C + A BIB D/C + D B120 D/C + A B122 D/C + A B123 D/C + E B124 D/C + D B132 D/C + A B147 D/C + A B155 D/C + A Bl70 A/C + A B171 D/C + E B173 D/C + D B174 D/C + D B176 A/C + A BPMFC22:82 D/C + A
Signature-systems and tonal types
put it, 'the location of the tones used for section cadences is determined by the mode of the piece' and that there are 'identical tendencies in natural and transposed forms of the same mode'. He labelled 'lydian' the chansons with medial cadences a third above -the alpha-major (ut) class of tonal types -and 'mixolydian' those major-mode chansons with medial cadences a second abovethe beta-major (50/) class of tonal types. 34 I have constructed more neutral language to get at much the same observations. My effort to avoid modal terminology is based on two points: first, that the systematic patterns I am describing are not modal in behaviour,35 and, second, that they do not fit comfortably into any scheme of modal classification. The adoption of the label 'lydian' for the alpha-major (ut) class of types highlights the problem. In context, Hughes clearly meant it to be synonymous with 'tritus' in the familiar fourcategory scheme of maneriae. But such a four-fold system, with two kinds of major but only one of minor (setting phrygian to the side), fails to distinguish alpha-minors from beta-minors, or, if you will, dorian from aeolian. These are simply lumped together as dorian. This is the primary failing of the vox rule, such as is presented in a well-known passage from the first book of the Berkeley theory manuscript, where an attempt is made to assign the eighteen distinct claves of a three-hexachord system to unique designations as polyphonic modal as medial cadential goals; these conventions, in fact, can probably trace their origins to the monophonic idiom of the trouveres. And in regard to melodic facture, the earliest freely composed chansons explore many possibilities for melodic and cadential articulation of pitches besides the fifth above the final. 36 For a succinct account of the association of modal quality and hexachord syllable (in particular, what is called the vox rule for finals), see Powers, 'Mode', 391-92. Given the obvious relevance of the passage on the vox rule in the Berkeley manuscript in time and place to the chanson repertoire, something more deserves to be said about it here. The treatise has to omit three doublings of function in the natural hexachord in order to give each clavis a single function, and several mistakes are made. Despite the effort at rationalization made by Ellsworth, The Berkeley Manuscript, 85-7, the following can only be considered blatant errors: putting sol B-mollis in modes 112; putting fa B-quadratum in modes 7/8; and omitting sol B-mollis from modes 7/8. In addition, sol naturalis is excluded from modes 1/2; la naturalis is excluded from modes 3/4; and fa B-quadratum and ut naturalis are excluded from modes 5/6. The treatise, if amended, would predicate G re-sol, D la-re-sol and A la-re as the voces for modes 1/2, corresponding to alpha-minor and beta-minor finals; Ami-la, E mi-la and B mi for modes 3/4, corresponding to the gamma-minor class; Bb fa, F ut-fa and Cut-fa for modes 5/6, corresponding to alpha-major finals; and C sol-ut and G sol-ut for modes 7/8, corresponding to beta-major finals.
re), two secondary (sol, la) and two tertiary (mi, fa) .38 Further qualification follows from the fact that a number of secondary markers (e.g., medial goals, authentic cantus or plagal tenor, narrow or excessive ranges, minimal overlap of cantus and tenor ranges, two texted cantus parts, unison or underfifth cadences, relation of final to signature-system in chansons on G) can be used to distinguish between significant tonal behaviours -revealing, among other things, that types in a class are not invariably, or even normally, treated as equivalent (i.e., as simple transpositions of one another).
Conclusions
Attention to a limited range of tonal features in a large number of chansons has allowed us to describe a variety of constraints in the tonal language of our period. It does not tell us why specific choices were made in any given piece, as a sensitive critic might hope to suggest to us, but offers knowledge of the range of choices available in certain areas of tonal behaviour. This article has not been about the local details of counterpoint, but rather the general behaviour of many counterpoints, and the direction of those counterpoints over long spans. It presents an empirical approach that enables us to differentiate -in the way that the more detailed analysis of a single piece cannot -between the conventional, the traditional and the unique. This a necessary counterpoint to the intensive examination of the melodic and contrapuntal facture of individual pieces that might serve as a basis for induction about tonal behaviour for a specific tonal type, genre or composer. It also hopes to heighten our consciousness about the act of notation in general, and about the selection of signature-system and final in particular, as a series of deliberate choices by the composer; and it helps us to see more clearly such fascinating historical processes as the rising and expanding set of cantus finals. The decision where to notate a chanson in the gamut, and with what system and final, will be conditioned by the normal, the desirable and the possible; it will be to a very great extent an arbitrary, not a musically compulsory decision. It should not be surprising that not every surviving chanson has been notated according to the norms described here. Historically or systematically orientated issues emerging from this work include the distinctions between types in a class, the increasing role for mi and la tonalities in the fifteenth century, the growing tonal coherence in the French chanson from the era of Machaut to the mid-fifteenth century, and the expression of subtilitas in tonal language and behaviour. Three particularly interesting groups of chansonsMachaut's earliest, those that behave conventionally but are notated in unusual tonal types, and those that most clearly contravene norms of tonal behaviourare, paradoxically, those chansons that most clearly expose and reinforce the credibility of these conventions for us, as they define their potential and furthest bounds. It is striking how often abnormalities are compounded in a single work, 
